The purpose of this study was to produce an estimated equation for the prediction of unerupted cuspids and bicuspids for the Saudi population. In this study, dental casts of 65 Saudi subjects (37 males and 28 females) were used. The subjects' age ranged from 18 to 25 years. The mesiodistal width of all permanent teeth was measured. The data was subjected to regression analysis. Results showed the Tanaka and Johnston equations overestimate the predicted tooth width of the un-erupted cuspids and bicuspids in Saudis. Results showed the predicted tooth width of Saudis (males and females) is closer to the 50% level of confidence in Moyer's chart. Multiple regression equations were estimated including the sex factor. Accordingly, two equations were estimated for the prediction of the tooth width of the un-erupted cuspids and bicuspids for the Saudi males and females. Based on the results, it can be concluded the 50% data is more accurate than the commonly used percentage Moyer's table (75%) when both sexes are combined. Further studies are needed to confirm the findings of this study.
Introduction
Orthodontists are faced with daily progress in the field of clinical orthodontics. The advances in the diagnostic phase of treatment have been plentiful. The dental casts are still considered a vital diagnostic tool. 1 From the dental cast, one can analyze tooth size and shape, alignment and rotations of the teeth, presence or absence of teeth, arch form and symmetry, and arch width and occlusal relationship.
A significant variation in the occlusal harmony may lead to malocclusion and difficulties in obtaining an occlusion with optimal overjet, overbite, and class I canine and molar relationship. One possible reason for malocclusion is the tooth size. Although the natural teeth match very well in most individuals, approximately 5% of the populations have some degree of discrepancy among the sizes of individual teeth. 3 The term tooth size denotes the mesiodistal width of a tooth. Various terms have been used in the literature to represent tooth size including tooth diameter 4, 5, 6 , the breadth 7 , and tooth width. 8 Like all other biological forms, teeth are present in different sizes and shapes. Variation in the size and shape of teeth are predominantly genetically determined. 9, 10 The genetic basis for this variation is best explained by the polygenic model of inheritance. Lundström 7 compared 97 pairs of like-sex monozygotic and dizygotic twins. He found a stronger correlation in mesiodistal tooth size between monozygotic twins and concluded the tooth size is determined to a large extent by genetic factors.
Several methods were introduced and used to predict the sizes of the un-erupted teeth. 2, 11, 12, 13 The most common method among these is Moyer's analysis. 2 Moyer established probability tables to obtain the predicted space required to align the permanent upper and lower canines, as well as the first and second premolars, using the sum of the four lower permanent incisors. Further, Tanaka and Johnston 12 presented prediction equations which give relatively similar values to Moyer's prediction probability table. These equations are widely used currently.
Al-Khadra 14 carried out a study in one hundred Saudi orthodontic patients randomly selected from the orthodontic clinic in the College of Dentistry at King Saud University (CDKSU). Following specific criteria, only 34 patients were found to fulfill those criteria. Measurements of mesiodistal widths of permanent mandibular incisors and all canines and premolars were performed in the dental casts of these patients by two examiners. Al-Khadra found the 35% level was a more accurate determinant than the commonly used 75% confidence level. Further, he found the Tanaka and Johnston prediction equation overestimated the size of buccal segments in the Saudi population sample. He concluded the data illustrates the limitations of these methods when applied to a sample population of other than European descent. Finally, he introduced two linear regression equations for tooth size prediction in Saudi Arabia.
Since the Al-Khadra study was the only one carried out among Saudis, the intention of this study is to formulate an equation for the prediction of the un-erupted cuspid and bicuspids in Saudis and to compare the results with other previous studies.
Material and Methods
For male subjects, a total of 1500 military training officers in King Abdulaziz Military Academy (KAMA) were examined clinically in the dental clinic in KAMA. For the female subjects, female dental students (third, fourth, and fifth year students) were also examined. For both male and female subjects, dental casts were taken. A total of 65 subjects (37 males and 28 females) were selected based on the following criteria:
The Criteria for Sample Selection
• All subjects were native Saudi.
• Ages ranged from 18 to 25 years.
• Class I molar and canine relationship with normal overjet and overbite.
• Subjects were free from crowding, spacing, and rotation of the teeth, and had no restorative treatments other than class I restorations.
• Presence of fully erupted permanent teeth from the right first molar to the left first molar of both the maxillary and mandibular arches.
• None of the subjects gave a history of previous orthodontic treatment.
• Subjects with congenitally missing teeth, extracted teeth, questionable articulation, malformed teeth, broken or chipped teeth, or carious lesion that could affect the mesiodistal tooth width were not included in the sample.
Methods
Impressions for both jaws of the subjects were taken using irreversible hyrocolloid impression materials (Kromopan alginate impression, Italy). The dental casts were allowed to dry on a table for one hour and numbered for identification. The casts were trimmed and prepared without being soaped.
Dental Study Cast Measurements
The measurements were made directly on the unsoaped dental casts. One operator took all measurements under natural and neon light. An electronic digital caliper (Digimatic calipers, Mitutoyo, U.K.) was used for measuring the mesiodistal tooth width from the right permanent first molar to the left permanent first molar for both upper and lower jaws.
The procedure for measuring the mesiodistal tooth width was performed as described by Hunter and Priest. 5 The caliper beaks were inserted from the buccal (labial), and held occlusally parallel to the long axis of the tooth. The beaks were then closed until gentle contact with the contact points of the tooth was made. The measurements included the mesiodistal width of all the twelve maxillary and mandibular teeth from the right first permanent molar to the left first permanent molar. The measurements were made as carefully as possible to avoid any damage to the casts.
In the present study, the error of the method was determined by repeating the measurements for twenty pairs of dental casts with one-week intervals. The same operator did all measurements. Further, multiple regression equations were estimated which included the sex factor. They take the form:
X 1 is the measured width of the four permanent mandibular incisors in millimeters. X 2 is a dummy variable which takes the value 1 for male and 0 for female. B & C are partial regression coefficients.
Significant differences were observed when the sex factor was included in both jaws. Table 1 shows the error of the method for the individual tooth width.
Results
Dahlberg's method revealed the lower left second premolar exhibited the highest error (0.32mm), whereas the upper right first molar demonstrated the lowest error (0.05mm).
Pearson's correlation coefficient indicated a high correlation between the readings for all individual teeth. The lower right central incisor showed the least correlation (r=0.51).
The t-test for paired samples showed no statistically significant differences could be observed between the two readings of the individual tooth width for all cases.
When the data is subjected to the regression analysis, the following equations were obtained for the prediction of the size of the maxillary and mandibular cuspids and first and second bicuspids in Saudis. Tables 2 and 3 show the results of the present study compared to Moyer's prediction table at 35%, 50%, and 65%; Tanaka and Johnston equations; and Al-Khadra's results respectively for the mandibular and maxillary cuspids and bicuspids.
A significant difference is observed when the results of the present study are compared with the Tanaka and Johnston equations. The difference is greater when the width of the lower incisors is small. On the other hand, the values of the predicted width of the cuspids, first and second bicuspids in both jaws obtained by Tanaka and Johnston equations at all sizes is greater than the result of the present study. No significant difference is observed between the results of the current study and the AL-Khadra study.
The results illustrate the actual measurements of the present study are much closer to the Moyer's table at the 50% confidence level in both maxillary and mandibular buccal segments. Tables 4 and 5 exhibit the results of the present study in the upper jaw for the males and females compared to Moyer's prediction at 65%, 75%, and 85% level of confidence. The results indicate the actual measurements are relatively closer to the 75% level of confidence for males, whereas for the females two confidence levels 65% and 75% are observed.
Tables 6 and 7 demonstrate the results of the current investigation in the lower jaw for the males and females compared to Moyer's prediction at 50%, 65%, and 75% level of confidence.
The results indicate the actual measurements for males are relatively closer to the 65% level of confidence, whereas for the females two confidence levels 65% and 75% are noticed.
Discussion
The mesiodistal tooth size of the maxillary and mandibular arch must relate to each other in order to obtain an optimal occlusion at the completion of the orthodontic treatment. 16 If a patient has significant tooth size discrepancy, orthodontic alignment into optimal occlusion may not be possible. 17 Crosby and Alexander 18 and Freeman et al. 19 reported a large percentage of orthodontic patients possess significant tooth size discrepancies. Therefore, orthodontists should be aware of the existence of these discrepancies before beginning orthodontic treatment. The treatment alternatives of tooth size discrepancies include restoration of relatively small teeth, interproximal stripping of relatively large teeth, modification of crown angulation or inclination and extraction. 20 Bolton 21 and Tuverson 22 indicated that overbite, overjet, and interincisal angle might influence ideal tooth size relationships. However, no definite conclusions have been drawn as to the effect that overbite, overjet, and interincisal angle have on the accuracy of tooth size analysis.
A simple linear regression equation was estimated and used for the prediction of the tooth width of the permanent cuspids and bicuspids for the Saudis. The result revealed the 50% level was a more accurate determinant of the cuspid and bicuspids than the commonly used 75% level. This result disagreed with the result reported by Al-Khadra for Saudi subjects which suggested the 35% level is an accurate determinant. This disagreement may be due to the fact Al-Khadra did not consider the 50% level of Moyer's prediction which seems to also follow his predictions closely. Moreover, he used a scatter diagram instead of using the true values obtained from the suggested equations. In fact, a comparison between the predicted tooth width of the cuspids and bicuspids of the present study and the values obtained using Al-Khadra equations revealed no significant difference. Accordingly it may be claimed both the results of the present study and Al-Khadra's equations seem to support the 50% level in the mandibular arch more than the maxillary one. Al-Khadra's study found the 35% level values in Moyer's chart are closer to his result, while in the present study the 50% level values in Moyer's chart are more accurate. This indicates if we use the Moyer's chart for the mandibular arch, the true value falls between the 35% and 50% level of confidence. Hence, it is advisable to directly use the equations estimated for the Saudis in order to get the true value instead of using Moyer's chart.
Sexual and racial diamorphisms in tooth size ratio between different races have long been established. 23, 24, 25 As a result, multiple regression equations were estimated which include the sex factor. The results in males showed the 75% confidence level is the accurate determinant for the prediction of the maxillary tooth width of the cuspids and bicuspids. However, it seems no single confidence level works for females. It appears 65% is the relevant level of confidence for the sum of mandibular incisors with small values (19.5 mm -21.5 mm), whereasfor large values the 75% level is the more accurate level. Further, the results in males exhibit the 65% confidence level is the accurate determinant for the prediction of the mandibular tooth width of the cuspids and bicuspids. As with the case of the maxillary teeth, there are two levels for females in the prediction of mandibular tooth width of the cuspids and bicuspids. For small values (19.5 mm -22.5 mm) the 65% is the accurate determinant, whereas for higher values the 75% is the accurate determinant. However in the Al-Khadra study, the sex factor was not investigated.
The result of the present study exhibited the Tanaka and Johnston prediction equations overestimate the size of the width of the cuspids and bicuspids in the Saudi sample. This finding is in agreement with the result obtained by Al-Khadra.
The results of the current study indicate methods relevant to races of European descent may not be applicable to other races; however, it is difficult to draw a firm conclusion due to the small sample size. Hence, it can be suggested for Saudis, the prediction equations (i) to (vi) may be used by the orthodontist as well as the pedodontist in the diagnosis and treatment plan of cases in the mixed dentition stage. The results of the current investigation support the need for future studies using a large representative sample from different parts of Saudi Arabia. This will help in establishing prediction tables for the Saudi population instead of using the well-known Moyer's prediction tables. Conclusion 1. The 50% level was a more accurate determinant of the cuspids and bicuspids than the commonly used 75% level when both sexes are combined. 2. The multiple regression equations revealed in males the 75% confidence level is the accurate determinant for the prediction of the maxillary tooth width of the cuspids and bicuspids, whereas the 65% confidence level is the accurate determinant for the prediction of the mandibular tooth width. 3. No single confidence level works for females.
It appears 65% is the accurate level of confidence for the sum of all values for maxillary and mandibular tooth width of the cuspids and bicuspids, whereas for large values the 75% level is the accurate level.
